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incomplete combustion — 
severity of the combustion conditio^, 
25 technical and economical reasons, the fnjtj 
tised in DidseV engines are usually pe^- 
leum gas . oil fractions, whose toWm 
ranges are somewhat higher than tWp 
kerosene, for instance, about- 375 
30 650* • F. Under- certain" condition? 
operation these gas oil fuels tend to-*^ 
carbonaceous and resinous residues. -.SncK 
residue formation is obviously disadvan- 
Wras in that it! interferes with 1. the 
3b nlmal running of the engine ■ and -reduces 
its efficiency. For example, 
build up on the valves to -such .an„extetit 
E the valves will stick and.^result m 
erratic operation of the engine. , - # 
. In accordance with the) present inven- 
tion, certain metal derivatives of organic 
•compounds have been found to be very 
effective for accomplishing the obfect of 
reducing combustion chamber deoositsr in 
45 Di eS el eneines when mixed m small 
amounts with the Diesel fuel.. 

The preferred metal" derivatives used m 
tie present invention comprise metal 
salt* of aromatic hydroxy compounds 
particularly those salts which contain a 
metal constituent linked to an aromatic 
nucleus through oxygen. Analogous com- 
pounds suitable for use m the present 
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and preferably- ... ^-^^ 
founds have the tiype^formuTa- - 

. . M^ZArwS),,. 

wherein Z represents, generically, a nega- 
tive radical or atom. • 

The characteristic .formula may have a 
"number of modifications, ..for example, 
the aromatic radical -may be mono- or 
poly-cyclic r the number, kind, audi pom, 
tion of alkyl suhsfttoents in any of the 
aromationuclei may be varied ; also, other 
substitoent groups • e.g.,: amino groups, 
alkoxy groups, or elements such as halogen : 
or phosphorus may be introduced either in 
^the aromatic ring or the^alkyl side chains. 

Examples of phenol^lide compounds 
•which may be employed xn accordance with 95 
t£e present invention include barium di- . - 
isobuiyl phenol sulfide /barium . 
phenol sulfide), barium di-isobutyl phenol, 
disulfide, calcium di^ertiary amyl phenol 
sulfide. cobaW hexyl pheno ^sulfide 100 
magnesium cetyl phenol ^IMe, m* 
barium octadecyl cresol sulfide. , W 
phenolate salts which may-be xised include 
calcium .di-isobutyl phenolate, barium 
salts of petroleum nhenols, magnesium ter- 105 
amyl phenolate, barium .salt of casbew .. 
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We, 'Standard Oil Development Com- 
pany, 'a corporation duly organised and 
existing under ther laws of the State of 
Delaware, United Spates of America, 
5 having: an office at Linden, New Jersey, 
United States of America, do^ hereby 
declare the nature of this invention, and 
in what manner the same is to he per- 
formed, to be particularly described a ud 
ascertained in and by the following state- 
ment: — ' ~ 

This invention relates to -the utilization 
nf an agent which checks fouling of a 
Diesel engine by~ combxistion chamber 
15 deposits. # 

Compression-ignition engines classified 
as Diesel engines are characterized by 
liquid fuel injection and auto ignition of 
the fuel. These engines present' certain 
20 fouling problems in the nature of varnish- 
like deposits on the pistons and contamina- 
tion of the lubricating oil which arise from 
incomplete combustion of the fuel and 
severity of 'the combustion conditions. For 
25 technical and economical reasons the f fuels 
used in Diesel engines are usually petro- 
leum gas oil fractions, whose * boiling 
ranges are somewhat higher than those of 
kerosene, for instance about 375^° F. to 
R50 e F. Under certain conditions of 
operation these gas oil fuels tend to form 
carbonaceous and resinous residues. Such 
residue formation is obviously^ disadvan- 
tageous in that it interferes with the 
3£> normal runnin^ of the engine and reduces 
its efficiency. For example, deposits may 
build up on the valves to ( such an extent 
that the valves will stick and result in 
erratic operation of the engine. 

In accordance with thei present inven- 
tion, certain metal derivatives of organic 
compounds have been found "to be very 
effective for accomplishing the object of 
reducing combustion chamber deposits in 
46 Diesel engines when mixed in small 
amounts with the Diesel fuel. 

The preferred metal derivatives-used in 
the present invention comprise metal 
salts of aromatic hydroxv compounds, 
particularly those salts which contain a 
metal constituent linked to an aromatic 
nucleus through oxygen. Analogous com- 
pounds suitable for use jn. the present 
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invention are those in which the metal 
constituent is attached to . the aromatic 55 
nucleus through some other negative - 
radical or negative atom, such as* sulfur. 
Also, -in general, it is preferred to have 
the aromatic nucleus or aryl radical in the 
compound' contain one or more alkyl side 
chain substituents, e.g., propyl, iso- 
propyl, butyl, isobutyl, tertiary butyl, 
amyi, isoamyl, di-isobutyl * (iso-octyl) 
cetvl, octadecyl,- -or analogous aliphatic 
-radicals in order -tb obtain the desired 
degree: . of - solubility in the Diesel fuel 
being* employed. - « 
- A. particularly preferred group of metal 
salts belonging to the class above described 
comprises - sails -of hydtoxy-aromatic sul- 
fides which may be represented by the 
following -type formula: 

„ - M(0Ar) n (S)*. • . ■ . 
wherein Ar represents aliphatic substi- 
tuted aromatic nuclei; W is the metal- con- 
stituent linked thereto through oxygen, n 
ip« an integer corresponding to the- valence 
of the metal M, and x is an integer, 1 -to 4, 
and preferably 1 or 2. Analogous com- 
pounds -have the type- formula 

M<ZArV(S) x , # 
wherein Z represents, generically, a nega- 
tive radical or atom. 

The characteristic formula may- have a 
number -of modifications, for example, 
the aromatic radical - may be mono- or 
poly-cyclic? the number, kind, andl posi- 
tion of alkyl substftuents in any of the 
aromatic nuclei may be varied ; also, other 
•substituent groups,- e.g., amino groups, 
alkoxy groups, or elements such as halogen 
or phosphorus 'may be introduced either in 
the aromatic ring'or the alkyl side chains. 

Examples of phenol * ^de compounds 
which: may be employed in accordance with 95 
the present invention include barium di- 
isobutyl phenol sulfide Obarium . iso-octyl 
phenol sulfide), barium di-isobuty! phenol 
disulfide, calcium di-fetiary amyl phenol 
sulfide, cobalt hexyl phenol sulfide, 
magnesium cetyl phenol disulfide, and 
barium octadecyl' m cresol sulfide. t Metal 
phenolate salts which may be used include 
calcium di-isobutyi phenolate, bariuni 
salts of petroleum phenols, magnesium ter_' 
amyl phenolate, barium salt of cashew 
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nut shell phenol (cardanol), calcium 
cetyl phenolate, and calcium octadecyl 
phenolate; 

Instead of the metal salts of aromatic 
9 sulfides and metal phenolates described 
above, one may use metal derivatives of 
other hydroxy compounds, such as aTco- 
holates, enolates, salicylates, and) the like. 

in ^ °^ * nese above-described compounds 

IV can be classed generically under the 
general formula MXT, in -which M repre- 
sents a metal represents oxygen or a 

- - member of the sulfur- family y and Y repre- 
sents an organic radical such as aryl or 

15 alkyl or the radical of a corresponding thio. 
ether, di-sulfide, or other derivative there- 
of as explained above. In all of these 
compounds the metal is. -attached through 

on **° * car * >on a * om to the organic ra dical 

30 Y, which latter carbon atom in turn is con- 
nected onlv to carbon or hydrogen. 
- ^IthoTigh' the present invention I-* 
primarily concerned with addition agents 

^ O'-P the geoiwal -formula MXY, o><* described 

«0 above % other metal compounds may be 
used in .conjunction with these such a q 
metal _ derivatives - of -organic-substituted 
imorff&nio acids., such as phosphoric and 
phosphorous acids and thio derivatives as 

30 well as sulfonates. -For instance, calcium 
octadecyl phosphate- or ^ barium oetyl 
monothiophosphite may be used as well as 

. . th e calcium or barium salt of a. . di-substi- 
■ Mted .thiophasphoric acid, prepared by 
35 reacting cetyl - phenol -with . P 2 Sj. 
Examples of sulfonates, include "the 
calcium salt - of oil-soluble - v mahogany 
sulfonic acids,,, ^derived by treating a 
petroleum oil fraction -with fuming sul- 

40 furic acid, - and calcium tri-isobutyl 
phenol sulfonate. 

The- phenol ate compounds considered 
particularly xisefuL for the present ]>ur- 
poses may be described as .being salts 

45 derived preferably from .alkylated 
phenols, such as are obtained from various 
natural sources^ or synthetically by 
reacting phenol with an alkylating agent, 
such as an olefin. Suitable phenols, then, 
50 include _ petroleum phenols and phenolic 
materials from -cashew nut shells or other 
vegetable sources,, as well as phenol, 
cresol, naphthol, . etc. which has been 
alkylated with olefins or alcohols of suftv 
55 cient molecular weight to impart adequate 
solubility to .the finished metal . salts. 
Also,, preferably, the. alkyL phenols con- 
tain a negative substituent group, such as 
sulfur, in a tjiioetfher linkage or disulfide 

60 linkage. These are readily obtained .by 
reacting an alkylated phenol compound 
with sulfur monochloxide, . .sulfur di- 
_ chloride, or a mixture of the two 
1 ' chlorides. 

65 A particularly useful additive can thus 



be prepared by alkylating phenol with di- 
isobutylene (the: dimer of isobutylene) 
under suitable conditions to give di-iso- 
butyl phenol (also called iso-octyl phenol 
or tetramethyl butyl phenol). This 70 
alkylated phenol is then caused to react 
with sulfur monochloride or dichloride to 
f orm the" di-isobutyl phenol monosulfide or 
disulfide which is then converted to the 
desired metal salt by reaction with a 75 
metal oxide or hydroxide. An advan- 
tageous method of. preparation of these 
additives i& described .in IJ.S. Patent 
2,294,145 of Winning, TanVoorhies, and 
McJSTab. The desired alkylated phenol 80 
or phenol sulfide is added to a vehicle 
such as a mineral oil and then neutralized 
with a . suitable . basic acting metal com- 
pound,, preferably in the presence of a 
small amount of a higher alcohol such as 85 
stearyl alcohol which acts . as a foam- 
suppressing agent and is finally filtered. 
The product is a concentrate of tlie^desired 
additive in mineral oil. This concentrate 
may be advantageously used? in the present 90 
invention as a convenient! means of. intro- 
ducing. the L additive into fhe. Diesel fuel. 
In addition, the presence of. a . small " 
aoiount of lubricating oil in the fuel will 
prevent the separation of normally solid 95 
metal derivatives in, manifolds or other 
parts of the engine wjien the fuel .is 
vaporized. _ \" ™" ' 

The metal" to be saibstituted for 
hydrogen .in the liydroxyl group of the 100 
phenols for obtaining the desired agents 
may be selected from metals of the alkali 
me/tfal . group /alkaline earth. metal group, 
aluminium , . chromium , . tin , " iron , nickel , 
cobalt, and- related metals, but the pre- 105 
f erred metal is one of the 'alkaline earth - 
metal group ^ which forms a soft, substan- 
tially non-abrasive ash on burning, e;.g., 
barium,. M calcium, magnesium, etc., 
barium/beings especially preferred. 110 

Metallic additives especially preferred 
for this invention are barium di~isofrutyl 
phenol sulfide, barium di-isobutyl phenol 
disulfide, and* , calcium octadecvl 
phenolate. : ' H5 

Very small amounts of the effective 
metal derivatives are sufficient to realize 
a substantial improvement in the Diesel 
engine condition.. These agents may be 
used in a proportion of from about 0.01% 120 
to 1.0%; by weight of the Diesel fuel oil . 
for a substantial improvement even 
though these .compouiids have little or no 
effect on~lhe ignition quality or other 
properties of the fuel. 125 

The a t bove r described metal 1 derivatives 
may be used in conjunction with other - 
additives which are capable of enhancing 
-their effectiveness. High molecular 
weight aliphatic alcohols, -such* as stearyl 130 
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' & alcohol; are particularly useful in this 
respect. Also, phenolic ethers, such as 
the tertiary . butyl ether of ortho 
tertiary butyl p-oresol, may be siM- 
5 larly employed. 

Although it is not? intended that- the 
invention be limited thereby, the follow- 
ing example is given to illustrate the 
distinctively beneficial results, obtained 

10 in applying the present invention to the 
operation of a full scale single cylinder 
Caterpillar Diasel engine under normal 
operating conditions for a run of 120 
hours- 

16 Example. 

Employing the method described by 
Winning, YanYoorhies and McNab in 
F.S. Patent 2,294,145, a 50%' additive' 
concentrate was prepared from di-iso- 

20 butyl phenol sulfide (iso-oc%l phenol 
sulfide), di-isobutyl phenol disulfide (iso r 
ootyl phenol disulfide), stearyl alcohol 
' and barium hydroxide oetahvdrate, 
Ba(OTI)., . 8H.O. The final product con- 

25 tnined 20% barium di-isobutyl phenol 

- . sulfide, 20% barium d/i-isobutyl phenol 
disulfide, 10% stearyl alcohol and 50% of 
mineral lubricating oil which was an 
extracted Midi-Continent oil of about 52 

30 seconds Savbolt viscosity at 210° F. Two 
Diesel engine tests were then made, one 
with this additive in the fuel and one 



without! it, as a' control test for compari- 
son. The fuel used in both tests -was a 
refined hydrocarbon Diesel fuel -having a'h 35 
A.P.I, gravity of about 36:5, /a eetane 
number of. about 51, an initial boiling ' 
poin-D of about 410° P-, and a final boiling 
poinij of about 640° ; F. For the test 
representing 1 this invention" the fuel was 40 
blended! wiiih 0.12%' of the mineral, oil . 
additive concentrate prepared ^ as just 
described above, the total material added 
comprising, on the weight of fuel, 0.06,% 
mineral oil, 0.013%' stearyl alcohol, 45 
0.024% barium di-isobutyl phenol sulfide, . 
and! 0.024%' di-isobutyl phenol disulfide. 
In both runs the engine was lubricated 
with a conventionally refined Coastnl 
naphthenic lubricating oil of about 55 §0 
Saybolt seconds viscosity at 210° F. 

After each run the engine parts were 
inspected and given demerit ratings based 
on their, condition... The individual 
ratings were weighted , according to their 55 
relative importance and an overall rating ^ 
calculated from them, ; It : should ^ be *" 
noted that the lower the demerit ratiug, 
the better the engine condition and hence 
the better the performance of -the fuel in 60 
the engine with respect to absence of ... 
deleterious deposits. The results of these w 
engine tests are recorded in the following 
table: 
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120-Hour <c Caterpillar Diesel Engine Tests" under Normal Operating* Condi- 
tions, 16.7 BHP, 85Q KPM, 160° F. Oil Temperature, 180°-F. Water Jacket 

Temperature. 1".' 7: • 



Engine demerits .- 



70 Test 
Mb: 



Operation 



Overall 



Ring 
Zone 



Heat 
Groove 



Oil 
v Filter 



1 "With fuel only 

2 With fuel containing metal 
phenolate sulfide additive 



0.95 
0.76 



1.19 
0.80 



5.50 
3.50 



3.00 v £■& 
1.75 ' 



75 It will be readily seen that after test 
2 in which the compounded fuel of this 
invention was used, the engine parts were 
much cleaner than after test 1 employing 
the non-compounded fuel. It should be 

80 particularly noted that the additive not 
only improved the areas with which the 
fuel combustion product would normally 
tend to come into contact but also affected 
the crankcase lubricant as denoted by the 

85 lower demerit rating for the oil filter. 

Further improvements in engine clean- 
liness can be effected by employing addi- 
tives of the types herein described in both 
the Diesel fuel and the crankcase lubri- 

90 cant and it is intended that the present 



invention should include operation of 
Diesel engines in iJhis manner. This is 
particularly advantageous when' the Diesel 
engine is to operate under severe heavy 
diuty service, 95 

The phenolate agents may be used 
incorporated in the fuel or both agent and 
fuel may be supplied to; the engine separ- 
ately to mix before combustion during the 
operation, whenever needed, as when the 100 
engine is running under heavy load or 
toward the end of the operation. 

The metallic additives of this invention 
may also be used in the same fuel with 
other Diesel fuel additives such as anti- 105 
oxidants or ignition promoters. 
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It is not intended that this invention 
be limited to : the specific examples given 
lor the purpose of illustration. 

Our prior - British Specification No. 
o 551,852 describes an improved oxidation 
resisting 1 composition comprising a hydro, 
carbon such as lubricating oil or natural 

»:;■■ or synthetic rubber having compounded 
therewith a polyvalent metal salt of a di- 

10 hydroxy dialkyl diaryl sulfide or poly- 
sulfide or -polymer, or tellurium or 
selenium analogue thereof, at least one of 
the valencies of the metal being connected 
to an alkoxy group. 

1£ > Having now particularly described and 
ascertained the nature of our said inven- 
tion, and in what manner the same is to 
. be performed, we declare that what we 
claim is: — > 

™ 1. A Diesel fuel containing a small 
amount of a compound having the general 
formula MXY, in which M is a metal, X 
is oxygen or a member of the sulfur family 

9 - and T is an organic radical, the metal if 

40 being attached! through X to a carbon 
atom in the organic radical Y, which latter 
carbon atom is in turn connected only to 
j carbon or hydrogen. 

2. A Diesel fuel containing a major 

«U proportion'©* hydrocarbon Diesel fuel base 
stock and a small amount of a metal aroxy 
compound adapted to reduce the formation 
of deleterious residues by the fuel in a 

0 _ Diesel engine. 

°° 3. A Diesel fuel comprising a major 
proportion of hydrocarbon Diesel fuel base 
stock boiling below the lubricating oil 
boiling range, and a small amount of an 
alkaline earth metal salt of an alkylated 

40 hydroxy aromatic sulfide. 

4. A Diesel fuel containing a small 
amount of a compound having the general 
formula 2f{OAr)J(iS) x wherein Ar repre- 
sents aliphatic - substituted! aromatic 

45 nuclei, M is a/metal constituent linked 
thereto through oxygen, n i s an integer 
corresponding to the valence of the metal 
M, and x is an integer, 1 to '4, 

5. A Diesel fuel containing from about 



0.01%; to 1,% of a metal phenolate sulfide 60 
for reducing the carbon residue formation 
by the fuel in a Diesel engine. 

6. A Diesel fuel comprising a major 
proportion of a gas oil Diesel fuel fraction (- 
and a small amount of a metal derivative 55 
of an alkylated phenol sulfide containing 

a total of at least 10 aliphatic carbon 
atoms. 

7. A Diesel fuel containing a major 
proportion of a hydrocarbon Diesel fuel 60 
base stock and about 0.01%/ to ];% of 

4 barium di-isobutyl (iso-octyl) phenol 
sulfide. 

8. A Diesel fuel comprising a major 
proportion of a hydrocarbon Diesel fuel 05 
base stock and a small amount of a mix- 
ture of a metal alkyl phenol sulfide and a 
metal alkyl phenol disulfide. 

9. A Diesel fuel comprising a major 
proportion of a hydrocarbon Diesel fuel 70 
base ■ stock and % a small amount of a 
mixtur© of barium di-isobutyl phenol 
sulfide and barium di-isobutyl phenol 
disulfide. 

10; The method of reducing deleterious 75 
deposits in the combustion zone of a 
Diesel engine comprising supplying to 
said combustion zone during the operation 
of ^ said Diesel engine a Diesel fuel con- 
taining a small amount of a metal deri- go 
vative of a compound selected from the 
class of organic hydroxy compounds and 
the corresponbding thio compounds, the 
Diesel fuel and the additive being sup- 
plied to the engine separately. ~ g5 

11. The method of operating a Diesel 
engine comprising supplying to its com- 
bustion zone during operation a Diesel 
fuel containing a small amount of a metal 
aroxy* compound, and simultaneously 90 
lubricating said' Diesel engine with a 
crankcase ^lubricating oil containing a 
small amount of a metal aroxy compound. 

Dated this 5th day of November, 19431 
D. YOUNG & CO., 
29, Southampton Buildings, 
London, 



